The CT appearance of canine adrenal masses has been reported, but associations 16 between imaging features and pathologic features of these lesions have not been 17 investigated in detail. In order to test the associations between different types of adrenal 18 neoplasia and their CT and pathologic features, a retrospective study was performed. 19
independently by two radiologists and a pathologist, respectively. Diagnoses were 23 adenocarcinoma in 9 (53%) dogs, pheochromocytoma in 5 (29%) dogs, and adenoma in 24 Variables evaluated based on review of ten x400 high power fields were: mitotic index, 125 cellular differentiation (well-differentiated; moderately well-differentiated; poorly 126 differentiated), percentage of necrosis (N0<10%; N1= 10%-25%; N2= 26%-50%; N3= 127 >50%), presence of hemorrhage or infarction, presence of peripheral capsular invasion, 128 microscopic vascularity (slight, moderate, marked) and presence of microscopic vascular 129 invasion. Classification of tumor grade (high or low) was based on these results: tumor 130 was considered of high grade if for 3 or more results were positive or classified in the 131 higher category group. The pathologist formulated a final diagnosis (i.e. adrenocortical 132 adenoma, adrenocortical adenocarcinoma or pheochromocytoma) for each adrenal mass. early or delayed post-contrast and pre-contrast phases) was tested for normality using 154 the Shapiro-Wilk test, and relationships between these variables and diagnosis were 155 tested using analysis of variance. For all statistical tests, results with P<0.05 were 156 considered to be significant. 
Results: 170
Seventeen dogs with a total of 17 adrenal masses were included in this study. Tumors 171 were diagnosed as adrenocortical adenocarcinoma (n=9, 53%), pheochromocytoma 172 (n=5, 29%), and adrenocortical adenoma (n=3, 18%). These masses were analyzed either 173 after they were removed by surgical adrenalectomy (n=15, 88%) or on post-mortem 174 examination (n=2, 12%). More tumors affected the left adrenal gland (n=11, 65%) than 175 the right (n=6, 35%). Median age of the patients was 10 years (range: 5-15 years). Breeds 176
were German shepherd (n=2), Golden retriever (n=2) and Lurcher (n=2), Boxer (n=1), 177
Cocker Spaniel (n=1), Collie (n=1), Fox Terrier (n=1), Jack Russell Terrier (n=1), Labrador 178 (n=1), Miniature Poodle (n=1), Rottweiler (n=1), Shih Tzu (n=1), West Highland White 179 terrier (n=1) and cross breed (n=1). 180 9 Relationships between tumor type and pathological findings are summarized in Table 1 . 181
The only significant association found was between pheochromocytoma and presence of 182 macroscopic vascular invasion (likelihood ratio=9.6, 95% CI 1.4-65.9). 183
Relationships between tumor type and CT features are summarized in Table 2 The presence of a peripheral contrast-enhancing rim in late phase CT images was 228 associated with fibrous encapsulation of the tumor on histological examination (Fig. 2) . Necrosis and hemorrhage are common in adrenal tumors 18, 23 , and these features were 238 considered responsible for the variable echogenicity of adrenal tumors in one study 21 . 239
Similarly, in the present study, the presence of hemorrhage or infarction within an 240 adrenal mass was associated with a heterogeneous pattern of contrast enhancement on 241 late phase CT images (Fig.3) higher mean attenuation (44.5HU) than adrenal adenocarcinomas (28.2HU) 27 . 261
Interestingly, we also found evidence that the mean pre-contrast HU value for 262 pheochromocytomas may be higher than for other adrenal neoplasms, although this 263 result was of borderline significance. 264
Another criterion used in humans to differentiate adrenal adenomas from malignant 265 tumors is the early contrast wash-out associated with adenomas that is observed in 266 delayed (typically at 15 minutes) post-contrast images 11,28 . We found no significant 267 differences in the degree of enhancement or HU values measured in post-contrast CT 268 images of different tumor types. Similarly no significant differences were found in their 269 microscopic vascularization. These results differ from results presented in two recent 270 studies in which pheochromocytoma was found to have more marked contrast 271 enhancement than adenocarcinoma 27,29 ; however, it is uncertain if this difference in 272 results occurred because of differences in the timing of post-contrast acquisitions as this 273 information was not included. Another possible limitation might be the method used to evaluate the microscopic 288 vascularity of adrenal tumors, which was based on partially subjective criteria 289 (pathologist's judgment, based on review of ten x400 high power fields for each slide). 290
Quantitative methods of assessment of tumoral microvasculature (e.g. microscopic 291 vascular density) have been reported as a method to evaluate the response of a tumor to 292 antiangiogenic therapy. 30 It is unclear if this method offers advantages over the subjective 293 method used because it is also susceptible to variability because of heterogeneity within 294 a mass. 295
In conclusion, although CT enabled assessment of features that reflect the biological 296 behavior of adrenal neoplasms with good agreement with pathological findings, the 297 overlap in pathologic features between tumor types will limit the potential for those 298 14 tumor types to be distinguished by CT. Further studies of a larger number of dogs are 299 needed to support our results. 300 
